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Abstract

ACE-Asia(Asian Pacific Regional Aerosol Characterization Experiment) in spring 2001 was a turning point to
trigger international research interest on Asian dust (AD). This basically arose from the lack of research on AD, the
important natural phenomenon to characterize the Northeast Asia. In contrast, health risk related to AD has been
the primary concern in Korea. Although due in part to severe AD events of 2001~ 2002, research and mitigation
measures on AD in Korea are typically based on the assumption that AD events are increasing in frequency and
severity. However, contrary to the trend in Korea, the number of AD days and emission amounts of AD in China
have decreased since 1980s. This paper reviews the impacts of AD on ambient air quality and variations in toxic
substances during the AD event, reflecting the concern in Korea. While a great amount of dust particles flow into
Korea during the AD event, a considerable amount of dust particles are locally generated as well. Since dust parti-
cles are mixed with toxic substances as they pass over polluted areas, the levels of toxic substances become lower
in dust particles that do not pass over polluted areas. Broadening the research scope on AD is warranted to under-
stand the AD as an important natural phenomenon, irrespective of its associated health risk.
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Fig. 1. Trends in the number of Asian dust days per year in Seoul, 1915~ 2007 (Source: National Institute of Meteorologi-

cal Research).
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Fig. 2. Trends in dust emission from Asia in comparison with that from North Africa and the global amount (based on
Table 2 in Ginoux et al., 2004). The global amount is the sum of the emissions from North Africa, South Africa,

North America, South America and Asia.
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Table 1. Chemical composition of PM,, measured in Seoul in spring 1998 by event®.

Nondust Dust Heavy dust Dust/nondust Hﬁg\g d(if/ Hea;ﬁ;just/

(ug/m®)

TSP 83 117 238 141 2.87 2.03
PMyo 58 78 172 134 297 221
NO;~ 8.04 13.14 8.16 1.63 1.02 0.62
SO 7.28 12.76 1116 175 153 0.87
NH, 4.50 551 3.87 122 0.86 0.70
Na+ 0.77 0.88 129 115 1.68 146
K* 0.36 0.56 0.63 154 172 112
Mg** 0.08 0.13 0.33 154 3.95 257
cat 0.68 132 4.66 193 6.85 355
Na 0.50 0.63 159 126 3.16 250
Mg 0.33 071 3.07 216 9.29 4.30
Al 181 2.44 10.47 135 5.79 4.29
Ca 118 191 6.89 1.62 5.85 361
Fe 120 2.06 6.42 172 5.36 312
(ng/m’)

Mn 36.4 66.4 152.0 183 4.18 229
Cr 11.85 10.39 9.58 0.88 0.81 0.92
Co 0.99 170 232 171 233 136
Ni 6.36 12.08 7.34 19 115 0.61
Cu 383 534 30.2 139 0.79 0.56
Zn 1911 241.6 95.8 126 0.50 0.40
Cd 210 3.70 124 177 0.59 0.34
Pb 58.7 109.5 76.0 1.86 129 0.69

#From Tables 1, 2, and 4 in Choi et al. (2001)
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Aakgde] o] &3 A3ael7] WEo|vt(Leeetal., 2008).
722 o2 97149 A7 BA-e] BE W 2 UA
oA A wxrt TUbEE A A <A
4= gJo}(Won et al., 2010). 121} Ooki and Uematsu
(2005)% HAfaE-g-o] 71A-A] whg-Eot wi=7] o
ol 7447t loew 2 At Ak st S
7FE 4 € AH skt Kim and Park (2001)¢]]
Mz 2710 of3t ZF97t Qdglem, b o =g
Aol Al A= FrRsbad AR kel F7t o
< ZAvk

2001 ¥ ACE-Asaz|zl gslidellA o2& &4
3 Bateset al. (2004)ol| 4= SAPE F-4€ o =AM
G2 F Ak o]l Ak W zdit F Ak
o] F7lsksiet. Song et al. (2007)2 ehrg=|<k 3}
3 mdlS o]43le] ACE-Asadls 34 AlE &
Aatodct. #ate] edsko] 74k AW A7)l mAIIt
Z Catto} Agsr st Ak sxr) wate
U = lAt F Catel AjEl olE AMA o] %
=5 IR 534 ¥ ollE A% Foke wA
GAE mHA ] el AW Ak wbgAde] It
A3 E F9EH 2A 9] e R
2 Z7hste] A ukgAd o] dezke AA uk-gAl e
AAA7] o Feolct.

Mori et al. (2003)2 2001y 3Y 21~24Y == &
A3k A o} AloA ehek 22718 o) stel
A3 e ZAskgch Aede ¥
o)F % 2Ae] A Wakx gomz eQEe)

=7} Al F=ol miEshd e g8 o] At A 2

do o rlo
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Table 2. Concentrations of total mass and secondary
ions in fine and coarse particles during the dust
event in March 21~ 24, 2001 (ug/m®?2.

Beijing Y amaguchi
PM PM PM PM
(£21um) (=21um) (<£21pum) (=2.1um)
TSP 60 790 109 195
SO~ 6.2 125 8.9 44
NO;” 3.62 3.92 0.95 6.06
NH,* 2.97 1.39 2.69 -

2Excerpted from Table 4 in Mori et al. (2003)

Hzjo) whel W3k, (F39] YARE 7)) Al
7ol wl# st At mHA] uhel Wik Ao
A8kt AAkd-S sake] iAo n)d sled
ZHe| BEI BFeolgith BAAAME Ak o
G2 W EAE o oputAl M e YA
olvgl Eielx REE3lth HAdME =Y}
H]&o] 93%H 3 A 2] 52%, Ak ] 67%7F =
At EAEAR (& 2). oputFAIME =AY
A ulgo] 64%3] 3 AL 86%7} 2T Aol £
Azt ot Akl hwE o2 37 86%7) H
A Aol EAste] = 2919 J3FS shAlEITh

kl [ A

4.2 MM 9l w3 2ty AP

Hwang and Ro (2006)= 20024 1149 112 Z3 o
A AR YAE NE- ez sl AA 178
A Q2 F W) Fell A wbeat ez R A
£ 8o 54707} vhabzd, 2670 7) Sl 3 o iT)
53 sMAb-S 3Pabgde]l U3 glont djRite]
ol g FRAT 2E Sl szl
St W At Bk ﬁEH%M Hwang et
.(2008) 20041 349 109%E 12U7tA] FHel
A AFT Lum ot ke el A EE =
Abatgdet. Ak o] oAt M= ] BlFol
Hovt At f9% F FAEr) % (auminosili-
cate, Al,SIO;), AHg} T4 5 A ZAEA L v]Fo] 7t
stk A A sk ubsE QA wekent
3pake}l 7 wRAbe] ofe] F7sPHA mubg- &
APZ] BlEe] Eolbxlvh

A EEr) 1T% ez Yolx ebibd4-e 7|44
AArh wh-gste] Aabd4-S A gt (Krueger et al.,
2003). Ak Al A& W ohE S

S~
o

-

rl

Qr;Em&r.iEr

o

FZr2s

k=) 7] 3 8F3E]R] A 27 A A 3&

of s
o olst e fsgsﬁal 5o 9 el A4 5
:7'5\_ [e)

o

<)

= gk vl A whge] WA Esha
o] A &=} (Sullivan et al., 2007).

WA Ak shsbd i geh 23k ALY EA el A4
Bl obAE ko] gk AAL, B5hd W
3}o] A x o]t} Zhang and Iwasaka (1999) ¢} Zhang et
al. (20033 #7t F= 1733 Azl A #A]
g mASIEh o= At AL W Sarda
N R e R IR R R L
Yt suet A ek Akl g 23 YA A
o] glgieh A wE] 24 Aol ol2t Feol SO,
NO, 5 AFEAH 57 U1 55 20~24% A=
2 W] wEoz sfMasich v dE wEA
Mz A= AL Maet al. (2001)-2 =& 34} 9]
Aol A B AEHAT A} o o] v=
A e} Bl gokeh 2aulel A WA PAbE 24}
& Matsumoto et al. (2006)-2, A Ak o] ]L 71
ol FAglel A} BAHE | wlste] Al o
FoznE Pt 42 9 24 F AR
2 4¥s A F2 ol PAE F 42
R R

Song et al. (2007)2 4| 5& o] £3}ed, 20014 %
ACE-Asa 7|zt gal|e} d& 47 F5%5 vich
A] PILS(Particle-into-Liquid Sampler)Z o]-&-8}e] 3}
T 2% Ang $Ash el A Bt vl
vl o]&e] T2 vt} AgHe] glorw Zhe,
kv o] 3 'Rk o] T w=rt AbelE Bl
o 'Rkl e] AAbdolt Aoz 2gkEl Ao
2 A3} A-e i‘%%‘ o] P&k A ¥g AWt
A= FAAANA A7t S
W= vk e] Ao REE, SHgAgE At & A
T AE o] 5F Far FEE dReAM e =k
9] 3} n]go] =9t Ooki and Uematsu (2005)=
200141 3¢ AR =79} R FF HAfef ol
S HE 58 ol83te oS EHAFAG o]
23}o] A} 9lx}e} AEsE AMA]
%%Ri‘:‘r =AM e49E8He F
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g
ol FAFR 24 o] 7A ub
u] AM3 RA3} 2e). olol wel el
Al2] oAl =A]8F Matusmoto et al. (2003), 57 of| A
Z2]3F Hwang and Ro (2006)2} Hwang et al. (2008)
ol A Ak e] SAkduet wsieh vk Ooki and
Uematsu (2005) ¢} Kim and Park (2001) el Al = 7}-$-2]
Geoz YAl Y T8 WAsc
oA Maet al. (2001), Matsumoto et al. (2006)2 7}
-9} AAagle] #AL o shabed o] Wkt Zhang et al.
(20030)& 27} ol &) AW FF 27, A=} I
2 Qe Fe) Fobwmel A 01% o4 WA A}
o Fake o], 27% o)3ke) A YAe] AArede] E
Het SO, v Ze] B2 FHo2RE WA EF]
e Avew ik A el FRFHY7] Wi
2 FAstaltt. Sullivan et al. (2007)2 FE4e]
ol FE3GE ol Bl Fa Aol AR wA )
Aol Al AARG L ehAbzro] FAIEel vl A (calcite,
CaCO0s,), -2-A] (dolomite, CaMg(CO,),)3+ ZZstad
o} 2 AakdulEe] FRE At #AkY

o v
o] FA=IEY FALTEE YA F A Aol
SO,24H Argloze] A wbge] Eu) JTe

A}

37] Weoz Al

5. ZtRd ®RIIH4=3

A 7194984 52 POPs(persistent organic
pollutants)= 743 A3 g7, ml=gat R4, A4
A, HHEEA (semi-volatile) 50 5oz Qlsle] o
£ 2984 TR POPsE £ 717 el
sl Agkgnt A4, 52 7 43 POPs
A=7F 5 shdeloh POPse AMgA|, Ab4- 31318,
HAHE Soz FEEC(UNEP, 2001). A3Aut Ak
4 TS A WA} AF5 mAsh
7o) B.Eo|m = (Breivik et al., 2004) 2] wljZo|
e A& A g 4 ek 3AEEQ] PAHSs(poly-
cyclic aromatic hydrocarbons), PCBs (polychlorinated
biphenyls), tho] 41 52 A4 wiEdo

,L

ke 7|73 263

N

Ak
o

2 Z& SO, NO&}t #3ll a2 A7
Ageiy PAHse) ool Sl ol 4l
Fasteh. 4, @ POPs7} w4
2 2 drg Al ST
AeFe]l AM YAl F= EABE BAS B2 B
o] zhel 7 Aol EAdh= B A B
o] wolA™ 7|A|-3A] el A YA E-= o)A
g 4= 9]} (Pankow, 1987; Yamasaki et al., 1982). %
e G2 EA o] #xtel 3 ol FF 4 sl
A= A R 7E E S gl

Tamamura et al. (2007)2 20034 4Y3E 147k
AR FhpAtel A HellA] 17 PAHsE SA3k3l e
w 34 717 4319 3AbE ASsko A2 A
Ak} 2o giAke] PAHS7L 37 ®Wistgl ot 44 9~
2599 Azt A9 BE PAHZL, mlA)A
5 F=t Atade da 2494 F s=rF 3
et 7124 PAHS?E 8hake] z=diqixtz o]dd
7FsAe AR & ddd 28y 28R PAHSE
FAEEIE =9, AL X2 R dRow o
T Tl AHEFol 7 WF A A=Y
ofH et A=, 2 UA F 8A PAHs: Wi
o] eddl EfozhE vxd Zloz IAdtsqid
AR #ate] o) AXME 2ARRE A3 OG-8 A
B-Folv} = BRI} Al v uksle] 449] 3}
AR = SR 550 SEudde] WlA|A <l
< F9AYE <FgE A 7t skt

Guo et al. (2003)-& 2001 6Y32-E] 200211 547t
A F= AukeolM TSP EA 3k 2002 3¢
3 44 2x1¥ 3ALE ISl A7) 2E PAHS 5
=5, AR Aol B AN e ¥ e
ARRG Etor 242 71¢] Fd3ksi) Fang et
al. (2005) 20019 8UEE] 20023 4Y7bA] o=k
FHA A o 8-=F dichotomous N 7]E o] 43t
of WA YA} 2 AL 5 PAHSE 343k 1|
AYAE F PAHSE Aol Egtoyd =dida
PAHsE 3,49 0ot AL} & =57 WlAlae] 5
Aol A E-o| 7wkt ALl 2
UAtl A WAl e 2, 3 AAt BAe] F=rt ¢
kot 3, 4Yel = o] 5 EAle] HlAlaE] A7)l 3t
A ARG ggkew ks S A FsH
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A o]l &2le =A3le)h 2001y /e 2gEA
TEZF EE dE Fe] w2 B2 d sk
2}AL7] 7bel| = OCDD (octachlorodibenzo-p-dioxin) 2]
FE7F FE OEUC el $al BE 90% o]l
ulA Aol EAf3P EAte] OCDD: o8 1¥
shc} whebr] 29 9A7t @2 3aF W) OCDD7} &
7L 2)9)git}. Lee et al. (2007b)2 2002 34
1d3E g gt 23eA dg=F AH7E o) %
3led o]l £l SAAH. A 71T F 3Y 21~
2343} 44 8~10d 2314 d¥ At 4E A
TSP H|EHA} W) 129ug/mPel] w]sle] Eap wf 457
ngm’e 2 4wl 7\7ke] Frhstelel. ey thol84l
=x Z7b 2.05pg/mPE 2.45pg/mie g 2 x}e)7)
delor $3A $E= chex gokeh shAu wlg
AL W 7] el JAME BEo] FHAad ¥ ulst
of A} W= o]e} ZHE AsFo] vpehtA] kit

Chi et al. (2008)-> 2006 ¥ dqt Bz 3tz
elo o] A AL AFH 75 o] 83t AT
A3 gelSalE A 39 13~199 7|7 &
AMe AZEF T AP Thel gl F wert B
st A= 2,500, EfolH ool A= 210 F7}atd
A} A el 44l s} T obAlel Adurt v
7] Wl F=- F Zhejiangt Guangdong A v-
of FxlE #H7|E &4 E wiEdoez Al
g A s 5 ggtae) eleld ool A
ZA Zrtetd e erelslo] Al Fel X8k &7
2 &S delo® A3 ol S M= A
F= JAbel A e} Zo] #AE7]7F OCDD7}F 24 &7}
ahgle.

rlo

N

S Qe B3 24 A= 2 A1 AL el A

k=) 7] 3 8F3E]R] A 27 A A 3&

FEAL ZAd o]t 1950 Y LRE] HA AR &
o] Alzks)e] 1960T) = 414 Gl Aast
Ro}R| 3 gt} (Streets et al., 2009). %] 2] = MODIS
(moderate-resolution imaging spectroradiometer), MISR
(multiangle imaging spectroradiometer) 5 $14 A=
BE] 2855 dE& 4 elv}(Mishchenko et al., 2009).
Froe 94 A2 AsF AZF] Asked A2
ot Tefol= oojzEe] B3t BAH =7) 2=
= Fetabr] fstedx = Bl ol&= 9l
= AERONET (Aerosol Robotic Network, http://aero
net.gsfc.nasa.gov/)Z} SKYNET (Skyradiometer Network,
http://skyrad.sci.u-toyama.ac.jp/) 59 A8= o]43
4 9.
Eck et al. (2005)2 E}Zzln}7l $22] Dunghuang,
8] Alb W Dalanzadgad, StEwd B29] Yulin
Fotrlete] AERONET ztas #A3holet. 4
AODE E7o] 714 =3 Daanzadgad’} 7}%
okt Yuing M98 ohE Age] SAEE A4
4ol 71 Wik 22y Dalanzadgade] 44
HAE 0.82 A2 o} AR 7} 7}AF AlsE A
ol mA] olelmEe] edgre] Absieint A
Daanzadgad= 3~690l] W& ¥ 71E, AL e o
Adnet gaEg A5 24 Bk e
g glstel Muke Abgshy, HE3) BAF A
oF ®AIsh #9) 7k 27k (flaring) o 2. 7E] 2.9
Aol FYse), fHozNE A2 oFe] g
7hs-akgict b 2002 Yuline <17 2. 5E
AgAon AA7} fAH] SRS A4} A5
A ekt 20019 £ Dunhuange] whAlEE HEALE
& A}ste} o] CapeVerdesh w]5:a}slex} 440~
675nme] DA M gkl vlA YAt
AbstA gepel why) wiEoz siAsheE
Kim et al. (2004)-2- 31v]A}e} B-29] Mandalgovi,
elZEtelt 5%:2] Dunhuang, 38] d&2] =A]Q
Yinchuan 5 Fo}Alo}e] SKYNET 82 4319
o}. Mandalgovi®] 7-¢- wlx|9] jgfoz gAEF
47} & W) AOD7} ¥4t AOD7} 2he

Nl rfowE oot K

D R I A Wl

o} Yinchuanel| A = §2EF A|47} whg vl 1A
9] ks B 2 9lgic}. T8} AOD7} 058 &
e 571 & W $2EF A4 AXH AOD
7} Z7Fsted 2a1 Al oJdt =Al o0 HEjE B




ot Aol 1A’ 33 Foll A= Dunhuangel A
WA 2] ofgFe] b A o]t ThAREE WIARE-S
Mandalgovi}l 18] 0.937= 7}# =9k37, Dunhuang
o] 0.904=2 7} welth. Yinchuang2 0.913¢
Dunhuang .o} 3z3kort el wAe) 33 wl &
0.905=% g)u}.

3}

= Yulinel 4 ®A¢) Eelsteby S43 Bt 54
& Ak 244 T 328 0 9el ¢
o= AR ARk FHASE ok 89 4Y
18~204] Atelol] Hej7k o} s} i aksielet.
oMzt o) Heje A7t 2o dx I F
A4 22 FFo| Ulelgich Ak vl Ze] AulA e
9 PM,s FAES f7154e] 41%, A ZE3 29%,
Ak 17%, EC 13% So|9x R ZF 7)7bel:
A 7teA oF 51%, shaksd 11%, #7154 9.5% S0
Ak 298] Agol® BITFT HAL WAEES
0955 Ab$-clofehulol, utelal, Cape Verde 5 v
ApmlA] Aelst hex) etk 2@ ACE-Asia
N7 AN B AR 4T 1A 9e] ~097
Bebe ke mA ) ggrel AuEY W PMy, AL
T &8 ~10m¥Ygez 2] AujHd w ~3.0
mPigre} wetet et 9] edgrel Aujad
PMys7} 4ul] izol AlRMAl 4w 170 =9F

Yu et al. (2006)-2 20019E 200537}A] =,
g=, d& W 107] AERONET #A|# Al Alm2E &
Al F70 A $eivel, Que] Hls
AOD7} Zim §2Eg A47h Akt $AEE A
4*= Dunhuang —0.05 ¥j#] 0.16, Yulin —0.03 4%
0.99, ¥7 0.04~1.06, ¢FH 05~1.1, 2A}7} 0.65~
1072 FaAG oz 24s 27 4ak 1A 299
A s Z R Aol A 4 gk
AR HRARE Ejuebr) 0.92, o] 095 A =7
718 4Ag | ulste] F=2 vAYA F57 et
0.89~0.987}7], Aol M= s spadel wheh ¥
37} Zioh Kimet al. (2004)2 1] QS 344 F
Dunhuang®] ket ukAbg-e] 71 vhelar shg] ot
Yuetal. (2006)s14% 57, Yuline & ban
=9tk Kim et al. (2004)2 IS FAo= vz
o] FAE Zdxss ot Yuetal (2006)2 =A] &
9=} ulasels] dEoz & 4 gleh

20

sAbe) 7 RAde 265

6.2 CSHNET (Chinese Sun Hazemeter
Network)

= YU EgdF4aE 20040 3] GLOBE (Glo-
bal Learning and Observations to Benefit the Environ-
ment)e] d3lo=z sfutkzEl 7le] sun photometersS X
F3le] CSHNETS F=3}eith(Li et al., 2007). 7]7)
= B7 glZ2] Xiangheol|~] CIMEL sun photometer
3} wlaste] RASE] ARz FANA SAlsT A
3k 717] 2A3 As a4 3 A5 NASA
GSFC (Goddard Space Flight Center)e|A] «dZ+sl=
AERONET®} §-AHE A4 o]o}. MODISZE A7
Azbel] W] 10A3E] 144717, 8157 200 o)A
Z2A3hede}.

Xin et al. (2007)2- 2004 84:E] 20054 9¥7}
Z] CSHNET #]3¢] AODS} 2B A48 2AFE
4t AODE El¥ludde] ~0.152 714 kAt &
2EE A$E 006~092 W3y} Zoth 7ked AL
of who] euj A A4z WM YA WU, B, o Fell
£ AT gl 2A YA £l B8 HEE o
2]1¢] AOD~7} 0.19~0.212 el¥lzy tfgoz gk
o} &2EZE X457t 1.16~1.798 o} mA| Yz}
o] ojgfo] Ziot. mAI YA JA] wlo] emi A A9}
7 s A dFo|eh ALl o] 52 <33k
| v w3} d5o= Ql3te] AOD7E #4] 9t
B3 xpak 21992 AOD7} 0.24~0.360]9 1 $AE
& AeE 042~099%. FA7I WA FF3 7
Sepo] mF Hdnct Ho] AOD| A W} 2
ket

Leeet al. (2007a) CSHNETZ} 37 MODIS #}=.
2 olgsle] AR} WS 2SIl WhARE W
AHge) B3le] AODS} §7 A= uhAel] Wlztsled
AOD7} 0.4 o 4Fel Zhat -43kgiet. Salare] 3¢

o

ula}g-o] Yikth Du et al. (2008)- 2005~ 2007
7+ CSHNET 157] A& A}85 o]-g4-3le x|}
AR B2, A 2RE W FIRA S TR
At o o} w|EkAL o Bst 5AS wlwstdoh AA
o 2%X 3A} w] AOD7} 33% Z7}38}3 SAEE X
7} 24% 748k} 2Evh v SAkel AL o AOD
7} 27} 0.349) 0.44, 0.463} 0.71, 0.663} 0.81= &
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LA H EdA] 9

G2EE ASE

ATl A SALe] ofgFe] HA Zr.
A of A % = Zlot Al
ogt iy IR, HA] AL,
20, 22, 25%=2, n|H| AR} EEo] =2
Abe] ofgke] Ziot. mA|9} e %"—Jli% T3}
9E WE ARG AOD] F71e] Zidt.

I} o)9f 32 A M= H I ol HE
o et AR, Amet 7|7]& Aol 2F WA 3A
U 7B o2 RE sun/sky radiometer: ofjo]2E
URAINC ORI K S
oJof sht AL AshE gt 7
5] B 2 WA A 20 o
e A7} g St Qo £
©}. AERONETo]\} SKYNET= F Pﬂl-% = ste
= ofzbe] A& 348 3 4 9leh CSHNETS 10
ARE] 1A SRS At Fe W)
2 ¥4 FsAol B o

=

l

7. 4 =

FARe Eidele] A8 =48 AAske v
2} FQa3 249] shto|t Fujel| A= 2001~ 20021
o] A7 EAbe AzHshe A7 H9lew, =4
Hogx 2001d B ACE-Asa(Asian Pacific Regiona
Aerosol Characterization Experiment) Z#] o] 7]ZA)7}
Hof A7t sl ACE-Asia 7|zt =4 &4
7} #Abe FEEE TP 2 ol B o] A
9 53l T Ad A ﬁl H]3te] A7k
B=319]7] wj&o]c}(Huebert et al., 2003). ubal =]
o] 12k AL ke SlsiAelie AR R
2001~2002'd9] 7F3t &} wjgelut s-2juet Ak
A2 AFlM e A= F7ket 2= Aske AA st
£ 7o) nFolgleh.

MEE 71z & o feidetedlA Ad 90
Z 7P AL BRtE w1940 eln
o1 Zrasteicht 198095 ¥E] BpA] F7bstar 9
o 2eht efgelele ) § 3 Fe A
o) b A s 198047 o] F Zhasha oA
ofs} ofze]7le] ubaee] ZrAshuA] 1980~ 19904
o AAA ek 7h2549E (Wang et al., 2008,
Ginoux et al., 2004). $-=v}ele] A= d4H) A}

k=) 7] 3 8F3E]R] A 27 A A 3&

oA 2ol )

Eshn A 4 e AR

W22, W5 5 il AT Ados Bl
o143} AF=e] gleh WA FoH ] M)
e A4S Fules WAt 9 WeahA sl

(Shao and Dong, 2006).

Al 718 oz A §iAteln Al elF At
T BE 2~4umeA Fxrt Pk woh 2E AT
M= #AZIZE 10um o) izke] sx=rb F7h8t
AH(NIER, 2004). 10um o] A AAP= A FA7ke] 2
7] Wl F4o] ot A o]Fo] oY A
by WA 7}sAde] =k AlA] Chun et al. (2001)
AL 3 ATRE dHEkE Hel: 10um o]
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PAPE B o 22 xk= B 4 9l
o} Yuan et al. (2008) 2] ZAbf| A= 3AtY A
wz)9] n|ZEo] 60%7}7] ArLElg) Bl F2 x
HAtelmg At FEH Aoz 2ozt
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F8 BAo] ohch A7 27} o Le] Wl 2
A BN Aoz Hale] ek A, 2o
Aodol A F2 A Re] EASE 27 ol Le] 3}
Ape) z2 IS Wb o) AsEgoldh ol ol
A AAre Ay e vl R EAs)
Ak 2R Ash G ofol o] WolAw Fusted
AN AAAE 5 FRD BAE, 24
AR N Gt AR 7ol molek. akE FA e
= e 3 bl 7% Ao e

He A kel s A3 4 sk A4
Bee #EE Fooi ol Aangos o
I | wlste] BALEE Lo} o} wHgol
AR}, 2o B E 29 TR s 9
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